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NOTATION 

Positive direction» of axes, forces, moments, and angular 
displacements are shown by arrows 

Wing Chord Line 

-"  ~*V, 

Relative 
Wind 

Axis 

Y 

Z 

Force 
in pounds 

N 

Force 
Coefficient 

CA - FA/,S 

c. 
D yqs 

CN - F/qS 

CL - F^qS 

Moment        Moment 
in pound-feet  Coefficient 

"* 
C

B ■ VqSc 

I 



Symbols 

A aspect ratio (ba/S) 
■ 

b span 

S plan area of wing panel 

c chord of wing 

r leading-edge radius of wing 

r radius of spike 

t spike protrusion length 

q dynamic pressure (7pM*/2) 

V airspeed 

R Reynolds number (pVc/y) 

p mass density of air 

u absolut* viscosity of air 

a speed of sound in air 
a 

M       Mach number (V/a) 

7       ratio of specific heat at constant pressure to 
specific heat at constant volume (1.40 for air) 

p       free-stream static pressure 

p       supply (stagnation) pressure 

AC       C - C 
(wing with spikes)    (wing alone) 

Angular Setting 

a       angle of attack in degrees (angle between the wing 
chord plane and the relative wind vector) 
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SUMMARY 

A 12-percent-thick section (NACA OOI2) wing panel with 

leading-edge »piked was tested at a Mach number of 1.88 to 

determine whether the wing drag could be reduced in such a 

manner that the ratio of maximum lift coefficient at landing 

speed to minimum drag coefficient at high speed would compare 

favorably with the ratio obtained from a thin, high-speed 

wing. A 6-percent-thick high speed wing section (NACA 65-006) 

was tested to provide comparison data for the thick wing. 

A drag reduction of 20 percent (compared to the plain 

wing) was obtained when spikes protruded forward ten times 

the leading-edge radius. This drag reduction was obtained 

with a spike spacing of 5 percent of the chord. 

This drag reduction was not enough to make the ratio 

of maximum lift coefficient to minimum drag coefficient for 

the thick wing compare favorably with that for the thin wing. 

The use of high-lift devices may make the comparison more 

favorable, but this was not investigated. 

INTRODUCTION 

In a memorandum for Aerodynamics Laboratory files (Refer- 

ence 1) Mr. M. J. Bamber of the Aerodynamics Laboratory, 
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David Taylor Model Basin suggested a method for reducing the 

supersonic drag of thick wings. 

The method was to have spikes protrude from the leading 

edge of a thick wing. The spikes would produce a series of 

snail shock waves and an initial boundary layer and thereby 

reduce the intensity of the leading-edge shock wave of the 

wing. This method is analogous to the method proposed by NACA 

(Reference 2) for the reduction of drag on blunt-nosed bodies. 

If the drag of a thick wing could be reduced sufficiently, 

it could be used successfully at supersonic cruising speeds 

and still maintain its desirable low-speed characteristics for 

landing. 

Tests were conducted on a'wing with an NACA 0012 section 

at a Mach number of 1.88. Probes of various lengths and spacings 

were allowed to protrude from the wing leading edge. For com- 

parison purposes, tests were also conducted on a wing of the 

same plan form with a high-speed airfoil section (NACA 63-006). 

The models were tested in the TMB 18-inch indraft-type 

intermittent supersonic wind tunnel In the period from February 

through July 1955. 

MODELS AND APPARATUS 

The 6-percent-thick and 12-percent-thick wing models were 

manufactured of aluminum alloy at TMB. The wing models were 

of the semispan type and were mounted at the tunnel wall by 

means of a cantilever strain-gage wall balance. The cylindri- 

cal probes were inserted in holes in the wing leading edge. 

A maximum of 15 probes were placed on each wing. The arrange- 

ment and principal dimensions of the models are shown in Figure 1. 

The probe models were made of steel drill rods. Conical 

and blunt-tipped probes of various lengths and diameters were 

used in the tests. The various probes used are shown in 

Figure 2. 
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Strain-gage outputs front the wall balance were read on. 

Leeds and Northrup Speedoaax recorders. 

The supersonic airspeeds were controlled by fixed converging* 

diverging laval-type nozzle blocks. 

TESTS 

The tests were conducted in general accordance with the 

schedule listed in Tables 1 and 2. The angle-of-attack range 

was limited to approximately ±2° so chat the normal force limits 

of the balance would not be exceeded. The low normal-force 

range of the balance was determined by the desired axial-force 

sensitivity. This angle-of-attack limitation is not undesirable 

since supersonic flight speeds would normally be attained only 

at low angles of attack. 

The Reynolds numbers (based on wing chord) and air-stream 

supply pressures were: 

Mach   Supply Pressure, ,    x 1Q-6 
Number j   p„, in psi 

1.56 j  13-84 to 14.46   2.66 to 3.02 

!  1.88 j  14.11 to 14.46 I 2.25 to 2.55 j 

The dew point of the air supply did not exceed -15°F. 

RESULTS 

Tbö data are presented as dimensioniess coefficients 

versus angle of attack and as incremental coefficients versus 

appropriate spike-wing geometric parameters. The axis system 

and coefficients used in this report are defined in the no- 

tation. The Incremental values of C were obtained from the 

C. data at a - 0° (where C. « C_). A AD 
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ACCURACY 

The data are believed to be accurate within the following 

limits:  C4 and C,,, within ±0.0006; Cv„ within ±0.004; C , AD N m 
within ±0.0005; a» within ±0.1°; M, within ±0.01; and p , with- 

in ±0.005 pound per square inch. 

DISCUSSION 

Figures 3 and 4 show the longitudinal characteristics of 

the 12-percent-thick and 6-percent-thick wings without leading- 

edge spikes. 

Figures 5 and 6 show typical wing axial-force coefficients 

with various lengths of 0.031-inch-radius spikes added to the 

leading edges.  In general, the addition of spikes reduces C . 

An exception to this is the slight increase of C for the two 

shortest spikes (0.? and 0.3 inch long) on the 12-percent-thick 

wing.  In the range where spikes produced a reduction in C , 
A 

the reduction was greater with 15 poikes (0.05c spacing) than 

with 8 spikes. 

Typical axial-force coefficients for wings having leading- 

edge spikes of varying radius are shown in Figures 7 and 6. 

References 3* 4, and 5 contain experimental investigations 

of spikes in front of blunt-nosed bodies of revolution. The 

bodies tested were either ogive-cylinders with spherical tips 

(References 3 *"d 4) or a hemisphere cylinder (Reference 5). 

This is to say that models tested had a definite nose radius. 

The spikes produced drag reductions in all cases. 

The spikes of References 3 and 4 were conicel. The flow 

mechanism was deduced from schlieren photographs and is illus- 

trated in Figure 9.  Briefly, tL8  the rod is moved forward, 

flow separation takes place in the vicinity of the cone-cylinder 

intersection. The separated-flow region trails back toward 

the nose in a conical shape and intersects the nose almost 

tangentially. The Intersection is actually somewhat closer 
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to the body than a line tangent to the body which passes through 

the separation point. The process is called tip or laminar 

separation. This picture of the flow holds up to a certain 

spike protrusion. As the spike protrudes more, the flow 

clings to the cone-cylinder intersection and separates down- 

stream on the cylindrical portion of the spike. The separated* 

flow region is again conical and streams back toward the shoulder 

of the nose. This process is called rod or turbulent separation. 

Once the transition to turbulent separation has taken place, 

the conical separation region does not change shape appreciably 

with Increasing spike length. 

The principal wave pattern associated with either flow 

consists jf a conical shock wave originating from the point of 

the conical separation region and a curved shock wave starting 

from the vicinity of the intersection of the nose with the 

conical separation region. These two waves replace the detached 

wave that exists around the body in the absence of spikes. 

The drag curves from four different blunt-nosed bodies 

of revolution are shown in Figure 10. The information comes 

from References 3, 4, and 5» The curves are plotted against 

spike length divided by nose radius (i/r).  References 3 and ^ 

show that minimum drag occurs when the flow on the spike begins 

to change from tip separation to spike-body separation.  Minimums 

in the drag curves occur at i/r ratios between 2  and 4 (Figure 

10). Although the separation on the spikes which produce 

these drag aainimums is a function of Reynolds number, the 

transition Reynolds numbers (based on spike length) in the 

data of Figure 10 vary through a large range. Evidently, the 

geometric parameter, I/r, exerts a strong influence on the 

point of minimum drag.  Specifically, minimum drag occurs in 

the vicinity of   t/x  » 3 for bodies with spherical noses at 

Mach numbers from 1.5 to 3« 



Without spikes, the flow around the loading edge of e 

wing is two-dimensional except et the tip. With spikes, the 

flow is three-dimensional end not axially symmetric. The 

intersection of the conical wave from a spike with the detached 

ieadlag-edge wave would be a complex shape not eesily amenable 

to theoretical analysis. In spite of these differences, however, 

the drag reduction mechanism should be essentially the same as 

the axially symmetric case; namely, the conical wave system 

set up by the spikes should change the shape end thereby reduce 

the strength of the leading-edge detached shock wave. 

In Figures 11 and 12, the drag coefficient increments at 

zero angle of attack are plotted versus J/r, where r is the 

leading-edge radius of the respective wings. On the 12-percent- 

thick wing it can be seen that a drag coefficient reduction of 

approximately 0.020 occurs in the vicinity of i/r - 10 (Figure 11) 

The conical spikes produce greater reduction* (at this i/r value) 

than the blunt spikes. For the 6-percent wing, both the drag 

coefficient and percentage reduction are less than for the 

thicker wing (Figure 12). 

The position of the undisturbed detached leading-edge wave 

is shown in Figures 11 and 12. This position was calculated 

(at *ero angle of attack) by the methods of Reference 6. For 

*'hm  thick wing, spike lengths less than the detached wave dis- 

tance produce a slight increase in drag of the wing. Once the 

spikes protrude beyond the detached wave, drag decreases are 

obtained. 

Spike radius variation causes no significant change in 

the incremental drag coefficient for the thick wing (Figure 13). 

The small effect shown was caused by an unfortunate choice of 

spike length. For the thin wing, the incremental drag coef- 

ficients show minimuKS generally occurring in the range 

1 < rf/r < 2 (Figure Ik), 



Tha spacing of spikes on the wing leading edge will have 

some effect on the drag reduction. Two spacings were tested: 

0.10c (8 spikes per panel) and 0.05c (15 spikes per panel). 

The 0.05c spacing produces the greater drag reduction for both 

wings but the difference Is small on the thick wing. 

The thick wing with spikes cannot compete directly with 

the thin, high-speed wing on a drag basis. However, the ratio 

of the maximum lift coefficient at landing speed to the mini- 

mum drag at high speed is a more significant comparison quan- 

tity than merely C        . This quantity is a speed range param- 
niin 

eter.  If the landing speed and aircraft weight are kept con- 

stant in the arguments, then this quantity is proportional to 

the drags of the two wings at a given high speed. This implies 

that a smaller wing area is used with the section that has the 

greater C. 

The following table compares the characteristics of the 

two wings: 

1 

Characteristic 
Section 

NACA 0012    NACA 65-006 
With Spikes 

CA   « C    (M - 1.88) I    0.079 
min    min 

CL   (M « 1) 0.85 
max 

cL  /c 1  10.8 
max  min I 

Without Spikes 

0.031 

0.65 

2i.O 

The section characteristics of the airfoils were obtained from 

References 7 and 8 and the aspect ratio effects were deduced 

from References 9, 10, and 11. The section characteristics 

were obtained at a Reynolds number of 2,500,000. 
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The table indicates that the thin wing without spikes is 

still better for high-speed flight as compared to the thick 

wing with spikes. The comparison is made for plain wings.  If 

auxiliary high-lift devices were contemplated (flaps, flaps with 

blowing, jet flaps), then the new <L   obtained could properly 

be used in the C.  /C    comparison factor. The thicker wing 
Snax Dmin 

would have an advantage in ease of installation of these devices. 

In the present comparison, the thick wing with spikes does not 

compete with the thin wing on a high-speed drag basis.  However, 

it is possible that some other specific combination of wing, 

spikes, and high-life device would allow a thick wing to compete 

more favorably with a thin wing.  Certainly, a device that pro- 

duces a 20-percent reduction in wing drag should be considered 

in ehe preliminary design phase of an airframe. 

Aerodynamics Laboratory 
David Taylor Model Basin 
Washington, D. C. 
September 19^7 
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Table 1 

Teats Conducted on 12-Percent-Thick Wing at M « 1.88 

0.031 inch 

u 
Spike Length, 

1 

0.3 

0.4 

0.6 

0.8 

1.6 

2.0 

2.4 

3.2 

4.0 

r~ 
Spike Spacing 

0.10c 0.05c 

c c 
B,C# B,C* 

C C 

c B,C 

c B,C 

c C 

c C 

c C 

c C 

B - Blunt tip 

C - Conical tip 
#Also tested with r 0.047 inch 
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Table 2 

Test! Conducted on 6-Percent-Thick Wing 

(a) M * 1.88, rg - 0.031 inch 

; 

Spike Length, Spike Spacing 

J 0.10c 0.05c 

0.2 B,C B,C 

O.k B,C* B,C* 

0.6 C C 

0.8 B,C B,C 

1.6 B B 
._. ..    .,  .. 

(b) M - 1.56, r - 0.031 inch 
5 

Spike Length, 

I 
i   

0.2 

Spike Spacing 

0.10c 0.05c      1 
-  ■ --'1 

B,C B,C 

0.3 B,C B,C 

0.4 B,C* B,C* 

0.6 C C 

0.8 B,C B,C 

1.6 BfC B            ! 

B - Blunt tip 

C - Conical tip 

*Also tested with rg - 0.047 and 0.062 inch 

• .  - MTSm   ■ 
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NACA 65-006 Airfoil 

6.75' 

*.00' 

i 

3.00"D fit 
Wall 
Cutout 

Airfoil contour 
rotated to form tip J 

Tunnel 
Wall 

. Wall Balance 

~^-4 I 

Wing Characteristics 

0.60 

^-0.40" Spacing 
for 15 Spike 
Holes, 0.62"D 

Airfoil 

Semispan in inches 

Chord in inches 

Panel area in sq. in. 

Aspect ratio 

NACA 0012JNACA 6>0p6 

6.75   6.75 
8.00 _J 8.00 

52.77  ,53.23  

L.E.  radius,  r,  in inJ     0*126 
1.73 1.71 

0.030 :J 

Figure 1 - General Arrangement of Wing Panels 

MLD 16 Aug '57 FIGURE 1 
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